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DETAILS OF THE WEATHER IN THE UNITED STATES.

GENERAL CONDITIONS.

ALFrED J. HENRY.

The most striking feature of the weather of the current
month was the failure of the rains generally east of the
Mississippi. The drought was exceptionally severe in
Pennsylvania, the western portion of which had not
received substantial rains since March of the present
year. November precipitation is known to be light,
especially in the interior. The rather anomalous condi-
tion of the current month—drought east of the Missis-
sippi and normal rains in the Plains States and elsewhere
to the westward—was doubtless due to the movement,
or rather lack of movement, of cyclones which entered
the field of observations from the west and morthwest.
As will be noted from Chart I, anticyclones had a pro-
nounced tendency to originate and also to stagnate over
the northern Rocky Mountain and Plateau regions;
outbursts of cold air proceeded thence southeastward
and in the majority of cases separated the southern
portion of the warm-air sector of cyclonic systems from
the northern portion and thus we believe, cyclones,
which normally would have moved to the northeast
over Tennessee and the Ohio Valley, were deflected to
the west and north and eventually passed eastward
north of the Lake region—too far north to give rainfall
to the States east of the Mississippi. Prevailing high

ressure over southeastern States may also have been
mfluential in causing the movement above mentioned.

CYCLONES AND ANTICYCLONES.
By W. P. Day.

As would be expected, the pressure changes were more
active during November than the preceding month.
Several typical winter ty’Fes of pressure distribution
made their appearance. The Plateau mHicH was well
developed during two periods and several important
Alberta mIGHS were plotted. Among the low-pressure
areas, important southwest rows and South Atlantic
Lows were charted. No tropical storms were noted.
The number of cyclones (Lowsg) and anticyclones (u1gHS)
by types is shown in the table below.
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FREE=-AIR CONDITIONS.
By L. T. SaMUELs.

Free-air observations for the montan presented no
striking features of more than local importance, but
rather they showed a nearly normal state of affairs,
especially as r%gards free-air winds. Free-air tem-
peratures (see Table 1) showed a general excess as
comqared with the normal for practically all stations
and levels explored by the kites, with the largest depar-
tures occurring at Ellendale. At this station, however,
a large proportion of the flights was made at a later hour
in the day than usual, a.ndg therefore at times when the
temperature was ordinarily higher.

Relative humidities showed small departures in
nearly all cases, and vapor pressure departures conformed
generally with those for temperature.

In Table 2 are given the resultant winds and their
normal values. The close agreement, in most cases,
between the former and the latter is striking, the one
exception being Groesbeck, where considerable devia-
tion is found at a number of levels.

The following stations reported velocities of 40 m. p. s.
or more:

Station. November. | Velocity. | Direction. | Altitude.
m. p. 8. m.

Alerdeen, Md............ooo...oooiiloos 24 50 | WNW._. 4,100
Broken Arrow, Okla 16 WSW..... 8,000
Do........ 22 4 | WEW.... 10,300
Dahl%rren, Va. 24 47 | WNW... 3,900
Due West, 8. 16 59 | WNW._.. 10,000
Lansing, Mich.................... 9 41 { NW...... 8,500
Mitchel Fleld, N, ¥..oeooo i iiiiieannns 24 50 | WNW.__. 2,700

Easterly winds at heights above 5,000 meters were
observed as follows: :

Station. November. Station. November.
Bolling Field, D.C.......... 1 | Key West, Fla............... 1,2,7,16,19
Denver, Colo....... . 24 | San Francisco, Calif.......... 13,28
Edgewood, Md............... 1 | San Juan, P, k 4,19
Groesbeck, Tex.............. 22

Numerous occurrences in pilot-balloon observations
have been noted when the velocity curve takes on an
extremely zigzag form, i. e., indicating alternately high
and low velocities superimposed, but with no a precia.lﬁe
change in direction. An inspection of the weat%er charts
on a number of days when such conditions were pro-
nounced gave surprisingly consistent testimony to the
fact that these cases are characteristic of the region on
the dividing lines between a low-pressure area passing
off and a high-pressure area moving in. Some instances
of the kind occurring this month were the following:

Station. November.
Drexel, Nebr.cv.ucoceiomeiormciecnaeicaeencnnns 5 (a. m.), 7 (3. m. and p. m.).
Dahlgren VBeeooeeicaccncacncencmncacancanaans 20 (p. m.).
Mitchel Field, N. ¥ ._.00100l000lliiiiii 23 (a. m.), and 29 (p. m.).

It seems hjgh1¥ robable that this condition is an
accompaniment of the temperature distribution of this
particular arrangement of pressure and a more detailed
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study of this phenomenon will be made from kite data as
soon as opportunity permits.

During the night of the 4th tornadoes occurred in Okla-
homa and Colorado. Pilot-balloon observations in the
central part of the country on the 4th and 5th showed
winds OF gale velocities to be general in the upper levels,
denoting a disturbance of marked intensity. In con-
nection with the north-northeastward movement of
this storm, free-air observations revealed considerable
lag in the storm center at 2,000 meters elevation from
that at the surface. The surface winds at Drexel and
Ellendale on the afternoon of the 5th were W. 12 m. p. s.
and W. 5 m. p. s., respectively. Above Drexel they
remained westerly with Huctuating but increasing velo-
city, while over Ellendale they backed rapidly to K. and
decreased in velocity, so that at 2,000 meters elevation
the wind at the former station was WSW. 24 m. p. s.,
while at the latter it was E. 2 m. p. s., with upper clouds
at this station moving from the same direction. Sub-
sequent observations show this disturbance to have
moved slowly, but the true center was too far north to
be accurately represented on the weather map. This
lag in the up}:er evels is, of course, to be expected in a
cyclone of this type where the effects of dpronounced
importation of warm or cold air quickly displace the
pressure gradient as found at the surface

A chinook occurred at Denver on the 17th and 18th,
causing the temperature to remain abnormally high dur-
ing the night of these dates. Surface winds were west-
erly during this period and conditions favorable for the
air blowing down the mountains to be heated dynamically
and overrun Denver as a dry, warm wind. The effect of
this is apparent from the thermograph record for this
period. Here it is shown that the temperature increased
steadily during the evenin(% hours and night of the 17th-
18th, ending in a sudden drop of 12° C. at 3 p. m. of the
18th, at which time the surface wind veered from the
NW. to NE. and a little later to SE. The hygrograph
record for this period is not available, but the fact that
the relative humidity of the westerly wind was extremely
low, as is typical of chinooks, is ¥1-acticall certain, since
at the noon observation it was found to be only 21 per
cent, which was the lowest noon reading for the month.
Furthermore, a short time after the wind shift and tem-
perature drop occurred, the relative humidity at 5:40
E. m. had risen to 80 per cent, whereas there were but

ve days during the month when it was higher than that
at the evening observation.

Pilot-balloon observations during chinooks are ex-
tremely rare, if, indeed, any have been made at all. The
one made at Denver, therefore, on the 18th, or about an
hour before the chinook came to a sudden end, is of
special interest. Unfortunately there are no other pilot-
balloon stations sufficiently near Denver to furnish
added testimony as to the trustworthiness of this one
observation. However, there appear to be many good
reasons for accepting it as substantially correct. The
velocity is shown to have increased sharply from 9
m. p. s. at the surface to 38 m. p. s. at an elevation of
1,500 meters, above which the wind was blowing in the
opposite direction, i. e., from the SE. with a speed of
10 m. p. s. This latter condition obtained to at least
2,800 meters, where the balloon was lost in the haze.
The direction curve just before the balloon was lost, how-
ever, indicated that the direction still higher was prob-
alblydnorthwesterly, which was the direction of the lower
clouds.
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The observed wind of 38 m. p. s. is of special interest,
since it calls attention to the impracticability of com-
puting the gradient velocity from sea-level isobars for
elevated regions such as Denver. By computation it is
found that the gradient velocity was 19 m. p. s., or one;
half of the actual, and the cause of this discrepancy lies
obviously in the unavoidable error introduced in reducing
the pressure at this station to a sea-level basis, a question
that is at present the subject of considerable discussion.
It was found by substituting in the gradient wind for-
mula the observed velocity of 38 m. p.s. and solving for
the pressure gradient that the latter required a value of
3.2 mb. per 100 km., or nearly double that shown at the
surface. It is of interest to note that at the surface the
wind wveered to easterly and was coincident with the
abrupt drop in temperature, and it is pointed out that a
backing of the wind was found in the free air with increase
in altitude from a NW. wind at the surface to a SE. wind
at 2,000 meters above. It will be noted, therefore, that
the wind shift coincident with the drop in temperature
occurred first in the free air, and this colder and relatively
denser air soon eliminated the chinook and its influences.

TaBLE 1.—Free-air temperatures, relative kumidities, and vapor pressures
during November, 1922,

1 I
Broken . - ~ - Royal
- Drexel, Due West, | illendale, | Groesbeck,
Afrow, | Nebr. 8.C. '| N.Dak. | Tex. Center,
(243m.) {306m.) (217in.) (444m.) (141m.) (225";_)
Alti- |
fude. i
m.s.L De- De- | De- De- De- De-
tm.) | par- Tar- par- par- par- par-
: ture ! ture ture ture ture ture
Mean,| from |Mean.| from [Mean.| from |Mean.| from [Mean | fromn [Mean,| from
: 5-year. S-year 2-vear| 5-vear 5-year; 5-year
) aver-' aver- aver- aver- aver- avers
age. | age. age. age. age. age.
: |
i
Surface l 1,8 4L 4% L4 1229 —0.7] og +3.9 13.1] 0.0 A1 412
B0...... 8 W B AL | R B, 12,00 —0.7 .. 12,49 0.0y 5.9 +1.2
... ... 10.3] LG L5 419 169 —0.7] L1 +4.1 127 +0.4 4.6 +1.4
0.3 +1.4 3.8 U s —0.7 L3 +45 13.0 +1.3] 3.7 +1.4
9.1 3.9 4 9.0 —0.5] L6 +4.2 12,9 +1L.7 2.¥ +1.1
4. 0] 4. 8.5 —0.1 L5 +3.9 2.0 4+LA 2.8 +1.5
S 6 3. 7.7, 000 L3 4+3.9 10,9 +L1 2.2 +1.5
H.5 I G301 0.0 +3.4) 8.5 +0.8 0.6] +1.5
+.0) , { L8 40,7 =2.3| +3.5 6.6 +L1] ~L2 +1.5
2.1 28 L1 —4.6 440 4.4 L4 -0 +0.9
(), 3| 6.0 +1.3[ —7.2) +4.2] LN +L6 —6.4 +90.5
2.2 2.7 +1.6f —9.4 +4.90 —0.4) +2.2/.
b4 L0 —1L0. +L 8. ... —12.6( +5.00 —2.0f 4+3.5.
............ E T S VD GO DUIOIOION R PRty R I
| ! .
RELATIVE A UMIDITY (%).
Surface
250,
50
o4
1,000,
1,2
1,500
2,000
2,501
3,000,
3,500, ..
4,000
4,500
5,00

VAPOR PRESSURE (mb.).

: | | | |
Surface..] S5.354-0.14 6.37+0.57 9.52—0.44 6.43/+2.04 12.34(4-0.35 7.31{4-0.56
B 2840 bt 9,66,—0.43(.....{--.... 11. 83|++0.26! 7. 27|4-0.59
0. ... 7.33|—0.05) G.03!40.43 8.65—0.41] 6.40/4+-2.08! 10,47|—0.01| 6.65/4-0.67
759 ... 6.54—0.20) 5.36+0.34 7.7%—0.35 6.04 +2.05) 9.54{+0.00! 6.0040.72
1,000..... 6.04—0.29 5.08+4+0.50; 7.14—-0.32 5.55]41.8%| 8.97]40.40 5.52/40.77
1,250. 5.58(—0.30] 4.50.40.52 6.62—0,18 5.19(+1.77| & 701+1.07| 4.98(+0.76
500, X 0. 4.91|41,74) 8.38)41.38 4.41/4-0.68
4. 5214-1,76 7.3014-2.02( 3.35/+40.32
3.83|+1. 46 5.54+1.56( 2,20—0.13
3.24+-1.27| 3.36/40.50| 2.14/+0.05
3.01}+1.39; 2.01|—0.12| 1.93i-+40.22
3.0114+1.67 0.54
2,91|+1
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TABLE 2.—Frec-air resultant wind directions and velocities (m. p. 8.) during November, 1922.

Broken Arrow, Okla. - Drexel, Nebr. Due West, S. C. Ellendale, N. Dak. Groesbeck, Tex. Royal Center, Ind.
(233m.) (390m.) (217m.) (444m.) (141m.) (225m.)
e, o 5 8 2-yoar sver . | 5 5 5
m.s. 1. aver- ear aver- 2-yearaver- | 5-year aver- year aver- T aver-
(m) Mean. ye:rge' Mean. ! priy Mean. y age. Mean. i age. Mean. priy Mean. ye:ge.

Dir. |Vel| Dir. |Vel| Dir. [Vel! Dir. {Vel| Dir. [Vel| Dir. !Vel| Dir. |Vel| Dir. |Vel| Dir. [Vel. Dir. |Vel| Dir. [Vel.| Dir. [Vel
4/8,40° W.| 1,1(8,78° W.| 2.7|8.87° W.| 1. 4{N.72°W.| 2.6|N. S4"W.I 2.2!N.35°W.| 3.0[N.44°W,| 2.2N.61° E, 0.9|N. 41° E.{ 0.3/S.46° W, 3.3]8. 56°W. 2.6
518, 834° W L2 . .ii|eces]anancnnes ceeoNLS1°W,) 1,98, 88° W, L.8|......... mevelemsacvaan ...-[N.65° E.| 1.7)N.78° E.| 0.6/8.46° W.| 4.0/S.52° W.| 2.8
5/8.21° W.j 2,.2i8.75° W.[ 3.3|8.87° W.| 2,0(8.74° W.| 0.9/S.74° W, L.6|N.41°W.| 3. 1/N.55°W.| 2.3IN.8s° E.! 2,9/S.33° E.| 0.9(S.58° W.| 6.4/8.53° W.| 4.6
. 5|8, 25° W.J 3.2/8.81° W.| 4.4/8.89° W.| 3, 5|N.86°W.| L 4/8.75° W.| 2.3|N.43°W.| 4.7[N.55°W.| 3.5(3.78° E. | 3.0/S.15° W.| 1.3|8.62° W.| 8 0[S.60° W.| 6.2
5/8.38° W.t 3.7|S.86° W.| 5.9(8.84° W.| 4. 8/N.86°W,| 2.7/8,52° W.| 3.1IN.49°W.| 5.7|N.62°W.| 4,3/5.69° E. | 2.2}S,-4° W] 2.1(8.66° W.} 9.2|8.65° W.| 7.2
4|8, 48° W, 4.6/8,87° W.| 6.9IN,89°W.| 5.7|N.89°W.| 3.9/S.87° W.i 4.4[N.548°W.| 6.2|N.66°W.| 5.0[S.28° E. | 0.7/8.50° W.| 3.0[S.71° W.[10,1|S.68° W.| 8.2
3(8.57° W.| 5.1!18.79° W.| 8,3|N.SS°W.| 6. 8S. 87° W.| 5. 5!8,88° W.' 6.0|N.62°W.| 6.7|N.66°W.| 6.3(S.39° W.| 2.1/8.67° W.| 4£0|S.73° W.|10,9|8,71° W.| &8
9(8.64° W,| 6.9|8.84° W.[10. 1{N. 84°W.] 7.7(S.85° W.| 7.2(S.86° W.| & 4|N.#3°W.| & 5IN.83°W.| 8.2(3,.56° W,| 4.4]S.69° W.| 5,75, 83° W.|12,1/S, 78° W./10.3
. 3|8.73° W.{ 7.7|N.87°W.[11L.7|N, S1°W.| 0, 48, 81° W.} 9.6/S. 82° W10, 5|N. 59°W.[12, O[N.65°W.|11. 1{S.66° W.| 5.9|S.84° W.| 7.5(S.84° W.[13. 1]S. 80° W.[12. 4
.68, 72° W,| 9.6|S.87° W.[13. 5N, 79°W.|10, 7|8, &8° W.[12.7{S. 85° W.,13. N, 57°W.[12, 5|N. 66°W.[12, 0[S, 62° W.| 8.2/8.83° W.| 9.0(N.87°W.(13, 0|S. 88° W.[14.1
.2(8.70° W.|10. 1{N. 75°W.|12. 6|N. 76° W. (11, 4|8. $4° W.[13. §|8. 86° W.|14. 7|N. 53° W.|13. 5{N. 65° W [13. &S, 56° W.| 9. 8/8.69° W.[11. 4(N. 74°W.|19. 4/N. 89°W.|12.9

.0[8, 77° W_[11. §iN. 83°W.|14. 6|N. 80°W.[13. 3|N. S1°W.[17. 7|N. 82°W.|16. 3| N. 68°W.|15. 3{N. 62° W, |12, 4]S. 18° W.| 9.218.64° W.| ©.3|....c.cefeeeufamncenann e

.4(S.61° W.114, 2|N. 79°W.|16. 2|N. 86° W. |14, 5| W 19, 3|N. 76°W.[18, O/N. 63°W.[16. §|N, 50°W. |15, 7|8, 28° W.! 9.3|8.62° W.[ 0.7|...ccoofeeac]aenacaanc]enen

3(8.45° W.]12.3(8.45° W.|18.6/8,85° W.[15.6].........)cccc|omecnacc|ian]inemneca]enna]ecaanaaifanas S,22° W.| 7.5/8.68° W.10.1f. ... oofeuaiennnnnnns]e -
THE WEATHER ELEMENTS. The high-pressure area over the Southeastern States

had its center of greatest pressure in the southern Appa-
lachian Mountain district and greatly influenced the
PRESSURE AND WINDS. prevailing winds to eastward of the Mississippi River,
the winds around the central high area assuming the
During November the continental high pressure, com- usual anticyclone movement. Lliiewise there was the
mon to the colder period of the year, usually assumes a usual movement around the high area central over the
more definite type than is apparent during the preceding northern Plateau and northern Rocky Mountain region.
month, and the somewhat permanent high areas over The prevailing winds were usually from the northwest
the southeastern States and in the far Northwest increase  in the upper Missouri Valley and from southerly points
both in area and magnitude. At the same time there is in the middle Plains. In the far Southwest and in cen-
a general increase in pressure over that existing during tral and southern Texas they were mainly from northerly
October in practically all portions of the country. The points.

By P. C. Day, Meteorologist, in Charge of Division.

only exception to this is found over extreme northwestern TEMPERATURE.

ashington, where the increasing storm activity, due to
the approach of winter, tends to reduce the average As was the case in October, the outstanding feature of
pressure below that of October. the weather of the month was the continued absence of

For the present month pressure in both Canada and uncomfortable cold over the districts from the Rocky
the United States was everywhere greater than during Mountains eastward until near the end. Over the more
the preceding month, and the differences were distinctly  western districts, however, the weather was nearly con-
larger than is usually the case, particularly over the far tinuously colder than normal during most of the month,
Northwest and to a somewhat less extent in all southern The first week of the month had temperatures above
districts. Pressure averages were likewise well above the normal from the middle portion of the Great Plains
the normal over all western and southern districts, but eastward to the Atlantic coast, the period being particu-
they were slightly less than normal over portions of the larly warm in the great central valleys. West of the
upper Mississippl Valley, Lake region, and to the east- Rocky Mountains cold weather persisted, the weekly
ward. averages ranging from 6° to 9° daily below the normal
While changes in atmospheric pressure were rapid and over much of the Plateau region.
cyclones and anticyclones move(f across portions of the During the second and third weeks temperature con-
country at more frequent intervals than is usual, the ditions remained much as in the first week, though not

ressure gradients were mainly insufficient to produce quite so warm over the eastern districts and slightly
Kigh winds. On the morning of the 4th, however, a colder than the preceding week in the central and northern
storm that had moved from northern Arizona and Rocky Mountain regions.
southern Utah to southeastern Colorado during the pre- The last week of the month brought a general reversal
ceding 24 hours developed conditions favorable for local of temperature conditions, the averages falling below
high winds in the middle Plains and adjacent regions normal in the districts to eastward of the Mississippi
during that and the following day, a severe tornado River for the first time in a number of weeks, but con-
being reported from eastern Colorado on the 4th, at- tinuing unusually warm in the Missouri Valley and adja-
tended by the loss of several lives and heavy damage to cent areas. The week continued cool in the far North-
groperty. (A more complete account of this storm will west, where almost constant cold had prevailed during

e found on page 605 in this REviEw.) the preceding portions of the month.

Some high winds occurred over the North Atlantic Tlge average temperature for the month as a whole was
coast sections during the last decade of the month, and above normal in practically all portions of the United
at the close a severe storm was approaching the Great States and Canada to eastward of the Rocky Mountains,
Lakes, and high winds prevailed from the lower Missouri and decidedly so from Kansas and Missouri northward,
Valley to the iake Superior region. where the monthly means ranged from 5° te 10° above



